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ABSTRACT 

PURPOSE: To increase a linear area of input/output characteristic of a buffer circuit without 
increasing the breakdown voltage of a transistor by driving the linear circuits constructing the 
buffer circuit by the power voltage of different levels. 

CONSTITUTION: A buffer circuit 1 0 consists of the source follower linear circuits 1 and 2a. 
The circuit 1 includes the NMOS transistors Tr1 and Tr2, and the circuit 2a includes the PMOS 
transistors Tr3 and Tr4 respectively. Then both circuits 1 and 2a are connected to the high 
potential power supplies Vdd/Vdd* and the low potential power supplies Vss/Vss' respectively. 
The power supply of the circuit 2a is shifted in the direction where the part in which the linear 
output range of the circuit 1 gets out of that of the circuit 2a is equal to 0. An an optimum shift 
extent is secured by obtaining coincidence between the linear areas of both circuits 1 and 2a so 
that the coincidence is secured between the linear areas serving as the buffer circuits. Thus the 
Vss' can be shifted to the Vss by -Vbp and the Vdd' can be shifted to the Vdd by -VBP 
respectively. 
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Jg«jfP®^*iS^T-£» £ iitfX'ZZtf h 7 >^X*cD© 
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^#ttC0M^®^^t£^:-r -5 C -5. 
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OS h7>yXj'»e^PMOS V-X7ta7i i 
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V s s izm&Ztl* ^:<Df- Y 4 mM\Z\S.rt'i 7XSEV 
B N tfW1m £ ft 2> <k o \z tt i x n -5 . 
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l&^Sftfc 2 fflcOPMOS h7>y*X^T r 3. Tr4 
£rWT-5„ d CT, ^ 3 CO h7>y75'T r 3COV-X 

«@«^2coii5Sfi:ffliJ«®Vd d' e. h*K>mS« 

^4C0h^>> J X^T r 4COV-XSg|^SigE$n, Z\ 
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g^£ftT<^-&. 
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-r^i, ami i \z%>»z,m.muft\zMm\stzUtti 1 
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[0 0 5 2] £fc> fta&y7H*Hl*ffl^T»« 
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SVin, NMOS»m®&<DmJ]MEEVo<DmMmm 

VBN-Vthn^Vo^Vdd-V 

[0 0 5 7] ±fB^H^T*n«NMOS^^leIK^A 
ttJrt#tttt*»fc&5. 20 

[0 0 5 8] H«ICPMOS«l»|iIBtO^Tt>, 
>z?7>9T r 3 IIO^TH 

VBP-Vcld , ^Vout-Vdd' + V t h p 
VBP^Vout+Vthp — (8) 

[0 0 5 9] h^>:xX^T r 4KO^Ti4, 
Vo-Vout^Vss' -Vout-hVthp 

Vthp+Vss' ^Vo^2VBP 
i&O, ffi*«BEVo u 1 14, 
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4*tt*4i»^£&<5o 

[0 0 6 2] :CT% Ay77@BtLT©I»I*t 
SAKT£tCt4NMOSig|JgleJ8g, BLtfPMOSggJglHl 
BSO«»fa«*— ftS*n«J:<. (7) , (1 1) St 

VBN-Vthn=Vthp + Vs s ' 

Vdd-VBN+Vt hn+Vs s= 
Vdd' =2VBP-Vthp-Vd 

T&^)o (1 6) 5£K45^T*> (13), (14) 5££ 

Vdd' =Vdd-Vthp+a — (17) 

fc&O. Vdd' feVddi:^l-Vthp + a <=V 
ddj -VBP = -Vbp ) «W'>7hTft«±K 
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[0 0 5 5] NMOSMgOT r 1 % T r 2 Ktn>T 
±E*fr*STf4«)<&i: H^>i^X^T r 1 Kr^T 

V i n-Vo^Vdd-Vo+V t hn — (4) 
h7>yX^T r 2 iCO^Ttt, 
VBN-Vs s^Vo-Vs s+Vthn 

VBN^Vo+V t h n — (5) 

CClTlttj!Ba>J:9fCNMOStR»|alKa>tUAV 

- (6) 

2VBN-Vthn-Vss^Vin^Vdd+Vth 
n 

BN + V t h n + V s s — (7) 
Vo^V s s * + V t h p — (9) 

[0 0 6 0] ££Tffi&<B<fc3KPMOSS«0g8<Z>ai 
AVo u t tt, 

Vout=Vo- (VBP-Vdd' ) — (10) 

[0 0 6 1] (8) , (9) , (10) iCci:0> PMO 
S«JBiaB(OA*«EEVo. tti^lEVout 

-Vdd' -V t h p —(11) 
Vss* =VBN-Vthn-Vthp — (12) 

[0 0 6 3] UO 

VBN = Vss+Vthn + a — (13) 
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T'$>Z><DT\ (13) 5t£ (12) j£\ZftA-rZ>£: 
Vss' =Vss-Vthp + o —(15) 
t&O* Vss' 14 V s s K*fL-V thp + a (=V 
dd' -VBP = -Vbp) ft # JtJ/7htn«ctK 
[0 0 6 4] JfcfcH I GH«G>*fr£LTtt. 

2 VBP-Vdd' -V t h p 

d+VBN-Vthn-Vs s 
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©gST. z.onyirm'&i o 2 a, m 8 <Disi&mi$.<D 

nvV7Sm&2 0 OKiS^T. NMOSh7>yx?T 

dl:S«L, -e0V-X«g«rfe/N*u/7rlHlK2 0 0© 
NMOSIhIK 1 OSjg^AfcS^L. PMOSh5> 
S>X*T r 6 »y- hmffii H U-f >fIt*l«5LT 
ttigV s s IC&S^U ffflV- X«S*KA*-y yrlejgg 
2 0 0©PMOSIU|^2(Dmj®^B(C^b^t)©T 10 
£-5. cniCtDV-X, y— hPslCO«£EVGS £. V 
-X. KH >mSt I DSOH^ttS4{C^-ri#14<i:7S; 
£>„ Jtfc'U NMOS h7>^X?T r 5 <D@3MmJE£ 
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[0 0 7 0] &>±<DZ\£zfrt>&A<Dn&.\3.V d d-V t 
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— Se<7)KHIKtiVd dfr<~> V s s -V t hptTOK 

[0 0 7 1] ifc, h7>yX^Tr5. Tr6(D^ 

[0 0 7 2] (*J6S«SJ3) 0 5 CD^ 3 (D*iS0iJlC 
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i, R2, r 3 zmmztzmis. nnnEE?)ts.Viftm& 

f?H, tlSVdd, Rt/Vs s<£>ft&. H'fWC*. D* 

[0 0 7 3] -htatftWiNMOS h y y^X^T-tSfifcL 
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ffiSi^tSPMOSI h7>yX?T r 3, Tr4' 
te. iTf7*l/7->3yIh7>yX^-Cib5. NMO 
Sf-7>yX^Tr2' (Df— h«@£ig«&ffii)*®V 
sslcS^L, PMOS h7>yX^Tr 3' <E>y — h 
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Tr2' . Tr3' ®y- h - y-XP^<Dtt&H*iO T 

[0 0 8 2] BP*,. (^0(Ci5CiTttVbn = O, Vbp 
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[0 3] *^^O^2CDHM0»JtrJ;-5A*-y7rlHlKcO* 
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